Introduction
Each year, cervical cancer accounts for 528,000 new cases and 266,000 deaths worldwide (1) . Despite the recent implementation of human papillomavirus (HPV) vaccine programs, cervical cancer still remains the most common cause of cancer-related mortality in women in Sub-Saharan Africa (2) . Approximately
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International Publisher ninety-nine percent of all cervical cancer cases are associated with persistent infection with oncogenic HPV, which is a causative organism for cervical cancer (3) . Furthermore, women with Human Immunodeficiency Virus type 1 (HIV) infection are more likely to have a concurrent persistence of HPV infection than women who are not HIV positive (3) . However, only a small subset of HIV/HPV co-infected women will develop invasive cervical cancer (4) . This is regardless of HIV suppression with antiretroviral therapy (ART) or with high CD4 cell count (5) .
Although associations between HPV infection and Human Leukocyte Antigen (HLA) genotypes have previously been described (6) , the relationship between HIV/HPV co-infection, class II HLA and cervical cancer development has not been reported (7) . It is also unclear what the immune mechanism would be (8) . It is well established that T cell recognition of virally infected cells works through class I restricted epitope recognition and down-regulation of the viral peptide-HLA complex on the infected cell may lead to protection from cytotoxic T cells (9) . This would impair the ability of the individual to clear virus and thus allow HPV infection to persist (10) . Moreover, apart from the frequent overexpression of HPV E6 and E7 viral oncoproteins in cervical cancer, HPV16 E5 protein has been shown to interfere with both HLA Class I and II antigen presentation (11) . This suggests that the HPV may inhibit CD4+ helper T-cells recognition through down-regulation of HLA class II molecules and thereby evade host immunity. This effect might be exacerbated by the added effect of HIV co-infection (12) . HIV Tat proteins can directly interact with the pRb/p130/p107/p53 tumor suppressor genes and induce increased cell proliferation which may promote the effect of HPV oncoproteins E6 and E7 in the rapid cervical carcinogenesis (13, 14) .
The etiology of cervical cancer has been related to certain high-risk HLA class II genes (15) . Polymorphisms in HLA-DRB1 and -DQB1 genes are hypothesized to play a role in carcinogenesis of cervical cancer (6) . Despite considerable scientific interest, findings of different published studies have been inconsistent (10, 16, 17) . Several studies have reported the protective effects of HLA-DRB1*13:01-DQB1*06:03 haplotypes on cervical cancer development and a positive association between HLA -DQB1*03:02 genes and cervical disease progression. However, this has not consistently been found in different population groups (18, 19, 20) .
This study seeks to determine whether host HLA-DRB1 and -DQB1 backgrounds in HIV/HPV co-infected South African women, influence cervical cancer disease development. Our results add new knowledge to the existing theories of rapid cervical cancer progression in HIV positive women and aim to further inform on individualized host-directed cervical cancer prevention.
Methods

Research ethics
Ethics approval was obtained from the Human Research Ethics Committee of the University of Cape Town (HREC903/2015) and the National Health Laboratory Service (NHLS). Study approval was also obtained from the Western Cape provincial Department of Health.
Sample size, study population and selection criteria
We recruited a total of 256 Black South African women in a hospital-based genetic susceptibility case-control study conducted at the Groote Schuur Hospital, Cape Town, in the Western Cape province of South Africa. The recruitment processes were conducted from June 2016 to March 2017. The race of cases and the controls were the same in order to reduce the bias due to the diversity of HLA II genes within South Africa (21) . We categorized our cases and controls as 'Black African' in terms of South Africa's five official population categories similar to a previous study (22) . We sought consent from women who attended the outpatient Gynaecological cancer assessment clinic, the colposcopy clinic or who were admitted to the Gynaecology emergency room, to participate in the study. Our control group consisted of age-matched healthy women from the same study population. The control group was compiled from historical data derived from 200 archived records at the NHLS, Laboratory for Tissue Immunology at the Groote Schuur Hospital. We compiled data from unrelated and related bone marrow, renal and other organ transplants age-matched female donors, which represented the background population for the HLA class II genes. These HLA typing results from the control group were counter checked by a second experienced person in the laboratory in order to confirm the allele genotypes, sex, age and race as "Black South African" women.
Specimen collection
We used written and signed consent forms in the language of the subject's choice in front of a witness, and after detailed discussion with patients regarding the aims and nature of the study. A trained registered nurse who was fluent in the local languages explained the details of the study and answered questions from the patients before their consent was requested.
Peripheral blood (8ml) was collected using two EDTA tubes (BD Vacutainer®, South Africa) for genomic DNA isolation and HLA typing. After cervical visual inspection, Gynecologists collected punch biopsies of abnormal cervical lesions. A small part of the tissue biopsy was preserved in Digene® specimen transport medium (Qiagen, South Africa) and then stored at -80 0 C until processed in order to preserve the genomic DNA for HPV genotyping. Another part of the same biopsy was stored in formalin and sent to the laboratory for histopathology analyses at the NHLS Anatomical Pathology Laboratory similar to a published study (23) . All patients were recruited in this study before the initiation of the radiotherapy or chemotherapy cancer treatment in order to avoid DNA damage during cancer therapy (24) .
HIV antibody test
According to the South African HIV-testing algorithm, 20 µl of the collected peripheral whole blood was used for rapid HIV antibody testing (Determine, Alere, Inc.) for all cases (25). Whereas, for the control group, a retrospective follow-up was done on the NHLS bone marrow registry and organ transplant database for HIV status. In this study population, all women in the control group were HIV negative.
HPV DNA genotyping and detection
Genomic DNA was extracted from cervical tumor tissue specimens using Qiagen ® QIAamp DNA Mini purification kit (Qiagen, South Africa) according to a protocol from the manufacturer. The concentration of the extracted DNA was quantified by a Nanodrop® spectrophotometer. Due to high genomic DNA concentration from the tissue biopsies, the DNA was diluted using nuclease-free water (Thermo Fisher, South Africa) to reach a recommended final concentration of 20ng/100 µl of the total DNA. Then the HPV genotyping and detection tests were performed by using Linear array® PCR based HPV genotyping kit (Roche, South Africa). The HPV status was only genotyped for cases according to availability of tissue specimens in this study.
HLA Typing
Whole blood collected from patients was used to extract genomic DNA by using protocol for the modified salting out blood DNA extraction method (26) . A Nanodrop® spectrophotometer was used to measure the concentration and purity of the extracted DNA using the A260/280 ratio to be at least 1.8 to 1.9. The DNA was further diluted using nuclease free water (Thermo Fisher, South Africa) to reach a recommended final concentration of 30ng/100µl. We used intermediate resolution by commercial kits using the Luminex platform for reverse sequence-specific oligonucleotide primers (SSOP) HLA typing technology (Immucor, England) (27) . The PCR was conducted by multiple thermal cyclers using both PCR-SSOP and PCR-sequence-specific primers (SSP) supplied by the manufacturer in the HLA II typing kit. Amplification reactions were done according to manufacturer instructions. The HLA II allele results were analyzed by HLA II data analysis software program Match It ® (28). We further confirmed the HLA II genotypes that gave significant associations with Olerup® SSP (Immucor Inc. South Africa) HLA II high resolution gel typing as described by manufacturer's protocol.
Statistical analyses
We analyzed a total of 624 *DRB1 *DQB1 HLA II genes. We characterized 160 alleles from cancer patients, 64 alleles from pre-cancer patients and 400 alleles from unrelated age-matched women in the healthy control group. Allele frequencies for HLA-DRB1and HLA-DQB1 were calculated by direct counting similar to a published study (29) . The observed genotype frequencies in the controls were tested for Hardy-Weinberg equilibrium. The HLA allele frequencies for DRB1 and DQB1 alleles were compared between the cases and controls using the Fisher's exact test with 2 × 2 tables or, where appropriate, by the χ2 test with Mantel-Haenszel correction. The Bonferroni correction for multiple tests was not required due to the nature of our study (30) . The odds ratios (ORs), 95% confidence intervals (95% CIs) and the p-values calculated for multiple comparisons were considered significant at p<0.05. Table 1 shows that, without consideration of HIV co-infection status, in terms of cervical cancer susceptibility, HLA-DQB1*03:01 (p=0.002, OR 4.66, 95% CI 1.85-11.72) and HLA-DQB1*06:02 (p=0.002, OR 2.68, 95% CI 1.45-4.96) were significantly associated with cervical cancer disease in cases compared to the healthy control group. Furthermore, HLA-DRB1*13:01 (p=0.012, OR 0.18, 95% CI 0.02-0.75) and HLA-DQB1*03:19 (p=0.011, OR 0.11, 95% CI 0.003-0.74) were found to be significantly low or absent for the relative risk of cervical disease development, suggestive of protective alleles. Table 2 shows consideration of HIV co-infection status, whereby in HIV/HPV co-infected women who had cervical cancer, HLA-DQB1*03:01 (p=0.001, OR 5.6, 95% CI 1.9-16.9) and -DQB1*06:02 (p<0.0001, OR 4.5, 95% CI 2.2-9.0) were significantly associated with the risk of disease. However, HLA DRB1*13:01, HLA-DQB1*03:19 showed likely protection against cervical cancer due to completely absence or rare in both HIV/HPV co-infected and HIV negative cervical cancer population.
Results
In addition, the majority of women who were co-infected with HIV/HPV had advanced cervical disease compared to women who were HIV negative. Moreover, alleles DQB1*03:01 and DQB1*06:02 were significantly associated with HIV/HPV-co-infected cervical cancer population. (Figure 1) . Table  3 shows comparisons between intermediate, SSP and Olerup high resolution HLA II typing only for significant alleles. We confirmed that the susceptible alleles for cervical cancer disease in HIV/HPV co-infected women were DQB1*03:01:01:01 and DQB1*06:02:01:01.
Discussion
This is the first study to comprehensively investigate the association of HLA class II -DRB1 and -DQB1 alleles, at the molecular level, with cervical cancer disease in HIV/HPV co-infected women. Other studies have reported the presence of HLA II alleles -DQB1*03:01 (31), and -DQB1*06:02 (32), and cervical cancer association, but in populations with unknown HIV status. In our study, in a different population, we report a unique finding on the same HLA II alleles -DQB1*03:01 and -DQB1*06:02 association with HIV/HPV co-infection in women with cervical cancer. As HLA-II -DRB1*13:01 and -DQB1*03:19 were significantly absent or rare from women with cervical cancer, we may infer that these are likely protective alleles for cervical cancer development in our study population. This may suggest that individuals with HLA-DRB1*13:01 and -DQB1*03:19 alleles background, may effectively present the oncogenic HPV antigens to the immune system to provide a level of protective immunity. These findings are novel and have never been reported in cervical cancer disease studies in any population.
Studies done amongst different racial or ethnic groups of patients with unknown HIV status have shown the possible correlation of HLA II molecules with cervical cancer development (19, 33) . For example, studies done in Bolivia (34), Brazil (35) , China (29) , Costa Rica (36), Mexico (30), Senegal (37), Tunisia (10) and Venezuela (38) , have reported cervical cancer disease associations with different HLA II alleles and HPV infection but none of them reported about HIV infected patients in their study populations. In another study, however, Hu et al. (39) reported that HLA II-DQB1*06:02 was protective against cervical cancer progression in Chinese patients with unknown HIV status. The inconsistency in the results of other studies to date amongst different populations, including ours, suggests that there are other, as yet unknown, factors that influence cervical cancer disease development.
The persistence of oncogenic HPV infection frequently leads to cervical cancer development (36, 10, 40) . Our results, however, add new evidence that presence of HIV/HPV co-infection in addition with specific class II -DRB1 and -DQB1 alleles polymorphisms may aggravate or protect against cervical cancer disease development in some women. HIV as a co-infection may not be a direct risk factor for cervical cancer disease, although HIV positive status has been shown to influence the relative risk for cervical disease development. This means that HPV infection alone may influence cervical cancer development to a significant extent. When it is combined with a specific HLA II gene of risk for cervical cancer development and in the presence of HIV as a co-infection, the combination may increase the relative risk for cervical cancer disease development.
The persistence of the HPV in some women with specific HLA II alleles nearly always leads to cervical cancer. This effect can be further exacerbated by the pro-oncogenic effects of HIV co-infection, regardless of ART initiation, although the exactly mechanism is not yet clear (7). However, de Jong et al (41) , suggested that absence of functional HPV16-specific CD4+ T-cell immune response found in women with cervical cancer, may explain further development of the disease despite immune reconstitution following ART initiation or in a competent CD4+ T-cell count. We acknowledge that studies on the association of HLA class II alleles and cervical cancer progression or susceptibility show inconsistent results worldwide (31, 42, 43, 44) . However, our findings show that HLA class II DRB1*13:01, DQB1*03:01, DQB1*03:19 and DQB1*06:02 alleles can modulate the cervical carcinogenesis in HIV/HPV co-infected women.
Our study did not have enough sample size for the cases in order to assess specific HPV types with cervical cancer risk according to HLA II alleles and HIV status. Hospital-based studies are likely to have some selection bias because we studied only referred women with HIV and cervical disease so they don't really represent HIV/HPV co-infected women in the general population who have been diagnosed but not referred to the hospital yet. We did not study detailed information on immunocompromised status (CD4 + cell counts, CD4% of lymphocytes, CD45
white cell counts), HIV and HPV viral loads, initiation, regime and duration of ART, and the time of acquisition of HIV or HPV co-infection. Furthermore, we may have missed the effects of window period in some of the cases because we used HIV antibody test which takes at least three months for the antibodies to be detected in the blood since infection. Retrospective HLA data for the control group could add another bias to our study.
Conclusions
For the first time, our study provides evidence on the association of HLA class II -DRB1, -DQB1 alleles with cervical cancer development amongst HIV/HPV co-infected 'South African Black' women. This is a novel association from a new study population on the possible influence of variations of HLA class II alleles and HIV/HPV co-infection on cervical cancer development. In view of our findings we suggest, it is highly likely that specific HLA class II -DQB1*03:01 and -DQB1*06:02 alleles in the presence of HIV/HPV co-infection influence cervical cancer disease development in "Black South African" women. Furthermore, HLA class II -DRB1*13:01 and -DQB1*03:19 were rare or absent in women with cervical disease when compared with the control population. Therefore, identifying mechanisms that give rise to this likely protective association of HLA II alleles will provide insight into development of immune-based prevention measures. Additional research with whole genomic loci for allele association studies may reveal new potential targets for individualized cervical cancer molecular prevention in HIV/HPV co-infected women. Furthermore, analyses of other immune-related genes and chromosomes out of the HLA-II region may also enlighten our understanding regarding cervical cancer disease progression in HIV/HPV co-infected women.
